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1 Motivation and literature review
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f(x∗) ≤ f(x) §}v~ﬃ x ∈ Rn ³6l îi~ﬁ=°~ﬃ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f(z∗) ≤ f(y∗j )
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s ∈ Rn 






























s m`(y` + s)
 ³  ³ ‖s‖2 ≤ ∆`.
^
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f(y`) − f(y` + s`)

















(2‖s`‖2, ∆`)  ρ` ≥ 0.9,
∆`

ρ` ∈ [0.1, 0.9),






























H` = H`−1 +







d`−1 = y` − y`−1
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¬ ∃x ∈ L \@ @~ ‖y` − x‖ ≤ 1 
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λ1, . . . , λn
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A List of test functions





ê RC(x1, x2) = (x2 − (5.1/4pi
2)x21 + (5/pi)x1 − 6)
2 + 10(1 − (1/8pi)) µ{¶mÊ (x1) + 10
ê
ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −5 < x1 < 10
























ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −10 < xj < 10








2) = (pi, pi); ES(x1, x
∗
2) = −1










µ{¶mÊ (3pix1) − 0.4
µ{¶mÊ (4pix2) + 0.7
ê
ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −1 < xj < 1

















ê SH(x1, x2) = (
5∑
j=1
j µ{¶¸Ê ((j + 1)x1 + j))(
5∑
j=1
j µ­¶¸Ê ((j + 1)x2 + j))
ê
ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −10 < xj < 10






















ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −5 < xj < 5






























ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ 0 < xj < 1






Ç·åDÀº¿3ÀºåÂ3å¨æ x∗ = (0.114614, 0.555649, 0.852547);
H3,4(x∗) = −3.86278
i aij ci pij
1 3.0 10.0 30.0 1.0 0.689 0.1170 0.2673
2 0.1 10.0 35.0 1.2 0.4699 0.4387 0.7470
3 3.0 10.0 30.0 3.0 0.1091 0.8732 0.5547
4 0.1 10.0 35.0 3.2 0.0381 0.5743 0.8828















ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ 0 < xj < 1






Ç·åDÀº¿ÀÚåÂ3å¨æ x∗ = (0.201690, 0.150011, 0.476874, 0.275332, 0.311652, 0.657300);
H6,4(x∗) = −3.32237
i aij ci
1 10.0 3.0 17.0 3.50 1.70 8.00 1.0
2 0.05 10.0 17.0 0.10 8.00 14.00 1.2
3 3.00 3.50 1.70 10.0 17.00 8.00 3.0
4 17.00 8.00 0.05 10.00 0.10 14.00 3.2
i pij
1 0.1312 0.1696 0.5569 0.0124 0.8283 0.5886
2 0.2329 0.4135 0.8307 0.3736 0.1004 0.9991
3 0.2348 0.1451 0.3522 0.2883 0.3047 0.6650
4 0.4047 0.8828 0.8732 0.5743 0.1091 0.0381


















ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ 0 < xj < 10





Ç·åDÀº¿3ÀºåÂ3å¨æ x∗ = (4, 4, 4, 4) ó
S4,5(x∗) = −10.1532 Í S4,7(x∗) = −10.4029 Ç¿Å S4,10(x∗) = −10.5364
ue
i aij ci
1 4.0 4.0 4.0 4.0 0.1
2 1.0 1.0 1.0 1.0 0.2
3 8.0 8.0 8.0 8.0 0.2
4 6.0 6.0 6.0 6.0 0.4
5 3.0 7.0 3.0 7.0 0.4
6 2.0 9.0 2.0 9.0 0.6
7 5.0 5.0 3.0 3.0 0.3
8 8.0 1.0 8.0 1.0 0.7
9 6.0 2.0 6.0 2.0 0.5
10 7.0 3.6 7.0 3.6 0.5
A.9 Rosenbrock Function (Rn)
ê n êÇ\Æ¬ÀÈÇ
Ù





2 + (xj − 1)
2)
ê
ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −5 < xj < 10






Ç·åDÀº¿3ÀºåÂ3å¨æ x∗ = (1, . . . , 1) Í Rn(x
∗) = 0
A.10 Zakharov Function (Zn)
ê n êÇ\Æ¬ÀÈÇ
Ù














ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −5 < xj < 10






Ç·åDÀº¿3ÀºåÂ3å¨æ x∗ = (0, . . . , 0) Í Rn(x
∗) = 0
wf


















ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −5 < xj < 5












A.12 Griewank Function (GRn)
ê n êÇ\Æ¬ÀÈÇ
Ù











ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −10 < xj < 10






Ç·åDÀº¿3ÀºåÂ3å¨æ x∗ = (0, . . . , 0) Í GRn(x
∗) = 0





ê CV(x) = 100(x21 − x2)
2 + (x1 − 1)
2 + (x3 − 1)
2 + 90(x23 − x4)
2 + 10.1((x2 − 1)
2 +
(x4 − 1)
2) + 19.8(x2 − 1)(x4 − 1)
ê
ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −10 < xj < 10






Ç·åDÀº¿3ÀºåÂ3å¨æ x∗ = (1, 1, 1, 1) Í CV(x∗) = 0





ê DX(x) = (1 − x1)







ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −10 < xj < 10






Ç·åDÀº¿3ÀºåÂ3å¨æ x∗ = (1, . . . , 1) Í DX(x∗) = 0










ÏQÇ¿ ìk¹W¶?í=Àº¿3ÀÚ½7ÀÈÇ·×¶¸ÀÚ¿¢½¬Ê{æ −20 < xj < 20






Ç·åDÀº¿3ÀºåÂ3å¨æ x∗ = (5, 5) Í MG(x∗) = 0
wﬃZ
